OBJECTIVES: Aortic annuloplasty and preservation of root dynamics have been described as factors for durability of aortic valve repair. The objective of this study is to document the first clinical analysis of root dynamics after a standardized valve-sparing procedure for root aneurysms associating a calibrated expansible external aortic ring annuloplasty with a physiological remodelling of the aortic root (CAVIAAR technique: Conservative Aortic Valve surgery for aortic Insufficiency and Aneurysm of the Aortic Root).
INTRODUCTION
The aortic root is a dynamic complex that includes the cusps, the crown-shaped aortic annulus, the inter-leaflet triangles and the sinuses of Valsalva. Systolic expansion of the aortic root through the inter-leaflet triangles maximizes ejection and reduces shear stress on the cusps explaining the durability of a normal native valve throughout life [1, 2] .
neosinuses, thus preserving root expansibility through the interleaflet triangles, it does not address annular base dilation [6, [8] [9] [10] . The reimplantation procedure as an inclusion technique performs a subvalvular annuloplasty through the proximal suture of the graft but withdraws the sinuses of Valsalva and includes the inter-leaflets triangles within the prosthesis, thus impairing root dynamics [7, [8] [9] [10] . Furthermore, most failures of valve-sparing procedures are due to cusp prolapse, either residual or induced by root reconstruction. Absence or incomplete cusp effective height resuspension has been identified as a risk factor for prolapse [5, [10] [11] [12] . Therefore, we developed a standardized approach to valve repair, combining the advantages of original techniques and addressing both the aorta and the valve, by the association of (i) a physiological reconstruction of the aortic root according to the remodelling technique, (ii) resuspension of cusp effective height and (iii) external placement of an expansible subvalvular aortic ring annuloplasty (CAVIAAR technique: Conservative Aortic Valve surgery for aortic Insufficiency and Aneurysm of the Aortic Root) (Fig. 1 ). This technique was standardized by the development of a dedicated and calibrated expansible aortic ring (ExtraAortic ring, Coroneo, Inc., Montreal) [12, 13] . The purpose of the ring is to reduce dilated aortic annular base diameter in diastole in order to increase cusp coaptation height and to protect the repair, while maintaining root systolic expansibility to reduce stress on the leaflets.
This report documents the first clinical and echocardiographic outcomes of the CAVIAAR approach using a calibrated expansible external aortic ring into 60 consecutive patients. The analysis focused on root dynamic anatomy, quantitatively assessing its two-dimensional (2D) serial echocardiographic behaviour.
MATERIALS AND METHODS
The expansible aortic ring has been implanted in 600 patients with aortic root aneurysms operated on worldwide through the standardized aortic valve repair approach described below, associating the remodelling of the aortic root with resuspension of cusp effective height and a subvalvular external aortic ring annuloplasty.
This report focuses on 60 consecutive patients enrolled in the prospective multicentric French clinical trial CAVIAAR which was approved by the Ethics Committee of Pitie Salpetriere Hospital (Paris, France) and individual consent for the study was waived. These patients were operated on in a single centre by three surgeons between 2007 and 2012, because for these patients all echocardiographic exams were recorded and available for review. Their data were extracted from the CAVIAAR database. Male patients numbered 49, and mean age was 54.3 ± 16.8 years (range 18-80 years). All patients presented with an aortic root aneurysm and were treated according to the CAVIAAR operative technique.
The expansible aortic ring
The design of the ExtraAortic ring (Coroneo, Inc.) was developed to provide a complete and calibrated annuloplasty while preserving root expansibility. A design target for in vivo device expansion was set between 5 and 15% over the cardiac cycle, based on previous dynamic anatomy works. The aortic ring is made of two silicone elastomer cores covered by a polyester textile. Elastomer component dimensions which are designed for optimal ring dynamics in a low-profile configuration while meeting durability requirements. These properties of the device were validated in vitro and in vivo in an ovine model [13] .
Implantation technique
After resection of the sinuses of Valsalva within 2-3 mm of the aortic annulus, external dissection of the aortic root is performed down to the base of the aortic annulus which is dissected from the pulmonary artery and the infundibulum and from the roof of the left atrium, in order to reach the subvalvular plane. Native aortic annular base diameter is measured with Hegar dilators as it is the sole criterion for choosing the sizes of the aortic ring (ExtraAortic, Coroneo, Inc.) as well as the size of the graft used to remodel the aortic root (Gelweave Valsalva, Vascutek Ltd) ( Table 1) .
Six 'U' stitches are placed circumferentially from inside out in the subvalvular plane, below the nadir of each cusp and at the base of 
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each inter-leaflet triangle, except between the right and noncoronary sinuses where it is placed from externally in order to avoid lesion of the bundle of Hiss or membranous septum. Alignment of cusp free edges is performed at this stage to correct any excess of length of the free edge through central plicating stitches.
Remodelling of the aortic root is standardized by scalloping the Valsalva graft into three symmetrical neosinuses using the linear demarcations on the bulging part of the graft (tricuspid valve) or into two symmetrical neosinuses (bicuspid valve). The heights of the scallops to suture the commissures are cut up to the transition point between the circumferential and axial folds of the graft.
Resuspension of cusp effective height is performed at this stage according to Schafer's et al. principle, using a dedicated cusp caliper to evaluate any residual or induced cusp prolapse (Fehling Instruments, Karlstein, Germany) [3, 5] . Plicating stitches are added on the free edge of the culprit leaflet until an effective height of 9 mm is reached.
The six anchoring 'U' stitches are passed through the inner aspect of the prosthetic aortic ring. The ring is seated externally around the remodelled aortic root and tied in the subvalvular position. The coronary ostia buttons are connected to the corresponding 'neo-sinuses' of Valsalva and the distal anastomosis is sutured in the standard fashion.
Intraoperative transoesophageal echocardiography (TOE) is then performed searching for residual aortic insufficiency (AI) and assessing for effective and coaptation heights. Any residual AI >grade 2 mandated re-exploration of the aortic valve.
Echocardiography
All patients underwent intraoperative prerepair TOE and postrepair TOE were performed in all patients using an iE33 ultrasound imaging system equipped with a matrix-array transducer (Philips Medical Systems, Andover, MA, USA) or a 3.5 MHz adult transducer (Vivid E9 Ultrasound and M5S-D probe, General Electric Vingmed, Horten, Norway).
Postoperative (discharge from hospital) and yearly follow-up exams were performed through transthoracic echocardiography. Serial echocardiographic data were assessed by two independent readers until a maximum of 5-year follow-up. The ascending aorta was evaluated in the long-axis view for the following four diameters: (i) diameter at the aortic annular base level; (ii) maximal diameter of the sinuses of Valsalva; (iii) diameter of the STJ and (iv) maximal diameter of the tubular aorta. Diameters were measured in two points in the cardiac cycle, the end-diastole (defined as the beginning of the QRS) and the mid-systole (wherein the aortic valve is most wide open, coinciding with the top of the T wave) (Fig. 2 ). Measurements were averaged on up to four separate cycles and the numbers of the parameters were averaged.
Information on survival, valve-related complications and overall clinical status was obtained at each follow-up visit.
Statistical analysis
Data distribution departed significantly from normality (ShapiroWilk test). Quantitative and ordinal variables were presented as median with its interquartile range (IQR = Q1-Q3) [or with its 95% confidential interval (CI) for the median follow-up and median freedom from AI ≥2 using the Kaplan-Meier method]. The Wilcoxon signed-rank test was used for comparing non-independent pairs of data such as systolic and diastolic diameters at a given time. The Friedman test was used to compare data between different periods. The Spearman non-parametric correlation was used to assess the effect of annuloplasty ring size on serial echocardiographic parameters, adjusting for preoperative values. The Kruskall-Wallis test was used to compare expansibility coefficient between the different aortic root levels, with Bonferroni correction for post hoc analysis. Freedom from AI ≥2 was presented using the Kaplan-Meier method, with further assessment of potential risk factors using the log-rank test. Inter-and intraobserver agreement was assessed using the concordance correlation coefficient associated with the graphical limits of agreement according to Bland and Altman. Qualitative data were expressed as frequencies and percentages and were compared using a χ 2 statistic. All tests were two-sided, and a P-value of <0.05 was considered statistically significant. All computations were done using the SPSS® software.
RESULTS
The demographic and operative data for patients are listed in Table 2 . Valve was identified intraoperatively as tricuspid in 28 patients (47%), whereas it was bicuspid in 29 cases (48%) and unicuspid in 3 cases (5%). Other cardiac procedures were associated with valve sparing root replacement in 11 (18.3%) cases. Cusp repair was necessary in 55 patients (91.7%). Central plication of the free margins of the cusps was the most frequent type of cusp repair. Effective height resuspension using Shaefer's et al. caliper was performed in 45 patients (76.8%).
A second cardiopulmonary bypass run for residual AI ≥grade 2 on intraoperative TOE was necessary in 2 patients (3.3%). A residual cusp prolapse was identified and the valve was successfully rerepaired in both cases. No patient was discharged with AI≥ grade 2.
Thirty-day mortality was 1.7% and this patient died from mesenteric ischaemia and multiple organ failure on the second postoperative day. Two (3.3%) patients required mediastinal reexploration for bleeding. Pacemaker implantation was required in 2 cases (3.3%), one of which was a bicuspid valve right-non-coronary cusp fusion type. The latter patient had a tricuspid valve with preoperative complete right bundle-branch block.
Early reoperation was necessary in 2 patients. Left ventricular fibrillation on the first postoperative day led to a coronaronary angiography in a 60-year-old man operated on for a tricuspid aortic root aneurysm. Coronarography showed evidence for plication of the reimplanted left main coronary artery. Ostia was positioned too low at first operation, resulting in plication of left main trunk which was long. Reoperation revealed the absence of external compression by the aortic ring, and left main trunk ostia was repositioned higher under cardiopulmonary bypass.
The other reoperation was performed to treat proximal aortic false aneurysm at 1 month postoperatively in an 18-year-old patient with Marfan's syndrome. The false aneurysm developed at the level of the septum below the left and right coronary sinus commissure and was occasioned by a tear from the pledgeted anchoring stitch of the aortic ring. Entry of the false aneurysm was closed from inside the left ventricular outflow tract. The ring was in correct position. In both cases, no abnormalities of the ring or the repaired aortic valve were noted. Patients recovered well, with an uneventful postoperative course.
Follow-up was complete for all patients, totaling 110 patientsyears, with a median follow-up of 19 months (95% CI [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] months). A 77-year-old male patient died at 6 months from congestive heart failure. No patient was reoperated on for aortic valve replacement. A pacemaker was implanted at 2 years postoperatively for intermittent AV block. Another patient developed chest pain at 18 months postoperatively, coronarography revealed significant stenosis at the ostium of the left main coronary artery that was successfully treated with stent implantation. Computed tomography (CT) scan reconstructions were performed that confirmed the absence of external compression of the left main artery by the aortic ring. Another patient with a history of transient ischaemic attack developed an ischaemic stroke at 39 months following a bicuspid aortic valve repair. Neurological and cardiological explorations revealed no specific aetiology, particularly no supraventricular arrhythmia.
Echocardiographic analysis
Main pre-, postoperative and follow-up echocardiographic data are summarized in Table 3 . The characteristics of patients with bicuspid versus tricuspid aortic valve were not statistically different at each period (data not shown). The expansible aortic ring (median size 27 (25-27) mm) significantly downsized the aortic annular base diameter from median preoperative value 28 (25-29) mm down to median postoperative value 23 (21-24) mm (Wilcoxon P-value <0.001) while keeping the median transvalvular gradient unaffected (median preoperative transvalvular gradient 6.8 (5-8) mmHg versus median postoperative transvalvular gradient 6 (4-8) mmHg, Wilcoxon P-value 0.545) and preserved for the follow-up period as depicted in Fig. 2 (Friedman P-value 0.177 up to 24-month follow-up). The aortic annular base reduction as well as coaptation and effective heights remained stable during followup in all patients. Ratio of STJ to aortic annular base diameter was 1.3 after repair vs 1.5 preoperatively.
No patient had AI grade 2 or more upon discharge from hospital. Freedom from AI ≥grade 2 was 100% at 1 year and 96.8 ± 3.2% at 3-year follow-up. AI ≥2 recurred in 3 patients during follow-up. Cusp repair was associated with the valve sparing procedure in the 3 cases; however, in only 2 patients the caliper was used to resuspend cusp effective height. One of these patients (tricuspid valve, preoperative AI grade 4) necessitated a second 
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cardiopulmonary bypass run for residual AI≥ grade 2. The second patient presented with a bicuspid aortic root aneurysm with AI grade 4. At that time, the principle of symmetrical positioning of the commissures for bicuspid root reconstruction using two symmetrical sinuses was not yet applied. These 3 patients are followed closely since they remain asymptomatic with a normal left ventricular function on serial echocardiographic controls. Preoperative annulus diameter>25 mm, preoperative AI grade ≥2, associated cusp repair, Marfan's syndrome and bicuspid valve were not associated with AI recurrence bearing in mind that the low number of events had underpowered the statistical tests.
The systolo-diastolic differences in the four echocardiographic diameters (aortic annular base, sinuses of Valsalva, STJ and tubular aorta) were maintained throughout the follow-up period and were, for the most, statistically significant postoperatively, at 6 months then yearly afterwards) as given in Table 4 . The non-and near-significant differences were due to small sample sizes for later measurements, that is, beyond 24 months. Consequently, since these differences are the numerators of expansibility coefficients at each aortic root level, it can be safely advanced that root expansibility parameters were preserved at each time point. Furthermore, root expansibility pattern for a given level was kept unchanged across the different time points (Friedman test), from the preoperative assessment until the last post-repair yearly follow-up, independently of age and presence of bicuspid valve (Table 4 and Fig. 3) . Comparison of expansibility coefficients between the different aortic root levels showed that preoperative aortic annulus expansibility coefficient was statistically higher than the other 3 levels (overall Kruskall-Wallis P-value <0.001, all post hoc comparisons of aortic annulus expansibility coefficient vs other levels have P-value <0.001). This pattern was well preserved during follow-up, that is, at each aortic level, the expansibility coefficient was maintained throughout follow-up, with the aortic annulus expansibility coefficient having consistently higher values than the three other levels of measurement. All concordance correlation coefficients that were used to quantify inter-and intraobserver agreements had values >0.85 and were complementarily additionally checked with Bland-Altman plots.
Further partial correlation analysis (i.e. adjusting for preoperative values) showed that expansibility coefficients were not influenced by the size of the prosthetic ring (all P-values non-significant).
DISCUSSION
There is a recent revival of interest in aortic valve dynamics because of the spread of aortic valve repair and sparing procedures. Cut-off point of 'normal' diameters of the aortic root ensuring valve coaptation can be defined from analysis of main series as an aortic annular base diameter ranging from 21 to 24.5 mm (mean 22.9 mm) and a sinotubular junction diameter ranging from 27.5 to 28.1 mm (mean 27.5 mm) [2, 14] . Normal behaviour of the aortic root results of the association of a root ratio STJ/annular base in between 1.1 and 1.3., normal valve coaptation parameters (coaptation height >5 mm and effective height >9 mm) and proper aortic root dynamics [2, 14, 15] . Systolic expansion of the aortic root through the inter-leaflet triangles provide a stressless opening of the valve, maximizes ejection and reduces shear stress on the cusps explaining the durability of a normal native valve throughout life [1, 2] .
In case of annulo-aortic ectasia, ratio is disturbed with dilation of both diameters (STJ aortic annular base for a 1.5 ratio in the present study). Using finite element analysis, Marom et al. ADULT CARDIAC documented a decrease in coaptation and effective heights, as the ratio increases [11] . Based on the native aortic annular base diameter measured with Hegar dilators as the unique criterion for choosing the sizes of the aortic ring and graft to remodel the aortic root (Table 1) , root ratio was restored to 1.3 after the CAVIAAR technique. This ratio is in the range of anatomical studies of normal aortic roots and close to Marom's findings, showing a coaptation of >3 mm for a 22 mm aortic annulus diameter with a ratio STJ/aortic annular base of 1.2 [2, 11, 14] . Although aortic root expansion is well described in experimental studies, few data are available on healthy population. From echographic, CT scans and MRI studies, aortic root expansion has been documented between 2.5-9.6% and 1.7-9.8% at the aortic annular base and the STJ levels, respectively [2, [14] [15] [16] [17] [18] . Aortic valve-sparing procedures should mimic this physiological behaviour. Aortic dynamics after remodelling and reimplantation, using either a straight or bulged graft, documented that cusp motion and flow patterns across the reconstructed aortic root are more physiological (i) after procedures using a prosthetic conduit fashioned with neosinuses of Valsalva than without and (ii) after remodelling of the aortic root than after reimplantation of the aortic valve [2, 10, 11, 15] . Expansion of the aortic annular base has been evaluated in between 6.3 and 10.1% after remodelling, whereas it is impaired after reimplantation (2.2-2.5%) [2, [15] [16] [17] . At the sinuses of Valsalva level, no difference has been shown when a bulged graft is used (3.9% after remodelling versus 4.1% after reimplantation) [2, [16] [17] [18] . Our results are consistent with the finding of Monti et al. [16] that expansibility is maintained at the level of the sinuses of Valsalva. Moreover, our report is the first to document maintained expansibility of the aortic annular base after implantation of an expansible aortic ring at mid-term follow-up, confirming our previous findings in an animal model [13] . Dynamics of the aortic root after the remodelling technique associated with an expansible annuloplasty were similar than after isolated remodelling, with the advantage of reducing aortic annular base [2] . Indeed, a dilated aortic annular base diameter (>25-28 mm) has been identified as a risk factor for failure of the remodelling technique [5, 8, 9] . Failure results from the combination of (i) a symmetrical cusp prolapse towards the aortic annular base (reduction of cusp effective height) induced by the STJ reduction and (ii) the untreated aortic annular base dilation which decreases cusp coaptation height [2, 10, 11, 17] . Therefore, isolated remodelling of the aortic root should be avoided in the setting of dilated annulus >25 mm, which is almost constantly the case in annulo-aortic ectasia.
Subvalvular annuloplasty through an aortic ring or proximal suture of a reimplantation tube graft increases the coaptation height, thus partially compensating for the symmetric prolapse induced by STJ reduction. However, in the absence of cusp resuspension, coaptation level may remain too low (at the level of the aortic annular plane or below). Low postoperative coaptation (<4 mm) and effective (<9 mm) heights and the absence of cusp effective height resuspension according to Schafers' technique have been described as risk factors for residual AI ≥ grade 2 and reoperation [4, 5, 12, [19] [20] [21] . Recent series report an everincreasing rate of cusp repair and advocate combination of aggressive management of cusp lesions with root reconstruction in order to improve valve-sparing results [4, 5, 12, 19, 21] . Systematic use of cusp effective height resuspension using Schafers' caliper led to a 91.7% rate of cusp repair in the present study. As a result of combination of resuspension of cusp effective height with aortic annuloplasty, none of dilated aortic annulus (>25 mm), cusp repair and preoperative AI ≥grade 2 was associated with AI recurrence.
From a technical point of view, in the CAVIAAR technique, effective height resuspension is performed after the remodelling of the root and before the annuloplasty, which allows easy placement of the caliper at the nadir of the cusp, prior implantation of the ring. In contrast, annuloplasty through the proximal suture is the first step of the reimplantation technique, which may shrink the aortic annular base thus making placement of the caliper for a reliable effective height measurement difficult.
The standardized CAVIAAR technique combines advantages of both original valve-sparing techniques by associating the physiological remodelling of the aortic root with resuspension of cusp effective height and an external sub-valvular annular ring (Fig. 1) [2, 12, 13] . These techniques were standardized by the development of a dedicated and calibrated manufactured expansible aortic ring (ExtraAortic ring, Coroneo, Inc., Montreal) [13] . This clinical report on 60 patients shows that goals of the ring to reduce dilated diameters in diastole in order to increase valvular coaptation height, while maintaining root systolic expansibility, are achieved at mid-term follow-up [13] .
Ideal aortic annuloplasty should ensure good haemodynamic function, biocompatibility and stability of aortic annular base diameter reduction and should be easy to implant without interference with the conduction system or cusp tissue. Few studies have been published on clinical results of aortic annuloplasty, but none has documented expansibility of the aortic root.
Although poorly standardized, sub-commissural plication stitches are fast and easy to perform. They are used when minor amounts of aortic annular base reduction are needed, in the setting of a moderately dilated aortic annular base or to protect a commissural repair [22] . However, this technique remains an incomplete annuloplasty (non-circumferential), which also plicates the inter-leaflet triangles impairing valve and root dynamics especially for bicuspid valves where it may induce significant gradient [19, 20] . Recent papers observed recurrent dilatation of aortic annular base after sub-commissural annuloplasty in patients needing reoperation, which was identified as an independent predictor of bicuspid aortic valve repair failure [19, 20] . Therefore, concern remains on the effectiveness of sub-commissural annuloplasty to achieve a durable aortic annular base reduction.
Dedicated devices to perform an aortic annuloplasty in the setting of aortic root aneurysm are scarce. Hahm et al. [23] developed the CARVAR ring (Comprehensive Aortic Root and Valve Repair), made of two couple of fabric bands, one for the aortic annulus level and the other couple for the correction of STJ level. Few clinical data on their experience are available, this partial external annuloplasty being mostly used in conjunction with pericardial cusp replacement. Mazzitelli et al. [25] developed an internal aortic annulus repair helical device [24] . In an animal model, necropsy data indicated cusp deterioration and significant stress placed on the suture securing the ring, as several sutures were loose or missing creating a gap between the device and the aortic annulus [24] . These lesions might be explained by the placement of semi-rigid ring inside an expansible aortic root which will apply all traction forces on the fixation sutures rather than on the device. These findings were not reported by a later study of chronic calves' model of AI and on 6 patients [25] . The asymmetrical morphology of bicuspid or tricuspid regurgitant aortic valves may limit applicability of a preshaped three-dimensional (3D) semi-rigid ring.
More recently, Aicher et al. [4] proposed an adjunct to the remodelling procedure with placement of a subannular PTFE suture tied around a Hegar dilator when aortic annular base diameter is larger than 27 mm, in addition to cusp effective height resuspension. This annuloplasty adjunct improved freedom from reoperation and AI grade 2 rates when compared with isolated remodelling results. Reproducibility, safety and long-term behaviour of these annuloplasty techniques remain to be evaluated with further clinical studies.
Limitations
This is an observational uncontrolled study, not a randomized controlled trial. The preoperative values serve as control for the postoperative values in the same population. The small sample size and the low number of events at mid-term follow-up limited further statistical analysis. Longer follow-up of a bigger cohort is required to understand whether our adopted paradigm translates into longer valve durability and improved results. Although inter-and intraobserver agreement values were acceptable, the main limitation of the study is related to manual measurement of 2D echocardiographic parameters. Our group is currently adopting 3D echocardiographic tools to analyse root dynamics more precisely.
The standardized CAVIAAR approach, through the association of a physiological remodelling of the aortic root with resuspension of cusp effective height and external expansible aortic ring annuloplasty, allows a step-by-step reproducible approach to aortic valve repair, addressing both the aorta and the valve. The expansible aortic ring achieved a complete calibrated external annuloplasty and maintained dynamics of the aortic root at mid-term follow-up. Whether this could be a factor for durability of aortic valve repair is currently under evaluation through the CAVIAAR study 10-year follow-up (130 valve sparing using the expansible aortic ring versus 130 mechanical Bentall, ClinicalTrials.gov ID: NCT00478803) and ongoing AVIATOR registry (AVIATOR: http://shvd.org/WorkingGroups/AV-repair/).
APPENDIX. CONFERENCE DISCUSSION
Dr H-J. Schäfers (Homburg/Saar, Germany): You have shown in the past that the introduction of an annular support has made this operation more reproducible, even though this was not the key objective of this paper. You have now presented mid-term data on 60 patients, and this information shows that the annulus stabilization is maintained and that the motion of the aortic root is almost physiologic, and this, in turn, can be expected to have positive longterm influence on cusp integrity and cusp function.
In my mind, there is very little to argue or discuss about the concept. I would like simply to bring up two questions. You mentioned in the manuscript that there was one intraoperative coronary problem that needed a revision and that one patient in the later follow-up period developed a left coronary problem which was treated by intervention. Could you comment on the details and could these problems with the left coronary have had anything to do with the ring, which is a bit bulky?
Secondly, did you analyse the different sizes of the ring? Was there a difference in expandability, in valve stability, between the smaller ring sizes (the smallest was 25) versus the large ring sizes?
Dr Lansac: I may start briefly with the second question because the answer is 'no', we didn't look at the different sizes. But that is a very good idea, I didn't think about it, and I may, if there is an opportunity to revise the paper, try to add this and have a look, because I think it is a very good idea.
Regarding the first question about the complications, I will start with the coronary problem. The coronary problem was not related to the ring; it was a technical problem regarding reimplantation of the left main. It was a very long left main. And I did make a mistake by implanting the left coronary ostia too high. At the control, the patient had chest pain and on coronary angio we found a plication on the implantation of the left main. We finally dilated and put a stent on his left main and this solved the problem. So it was a technical issue and nothing related to the ring.
The other complication reported is a false aneurysm, and, again, I think it was a surgical mistake. It was related to the stitches below the commissure between the left and right on the muscle septum part. It was a young Marfan patient with very fragile tissue, and when I tied the ring down, I had the feeling that the pledget was going in but didn't go completely through. So I looked at it and couldn't see very well. This happened in the past, and I did close from inside, but this time I was a little lazy and I didn't go all the way through to close it. I thought 'this is going to fibrose and this will be okay' and that was a mistake. I should have taken out the stitch completely and placed another one. It was very fragile tissue, as it can be in those 17-year-old little Marfan patients. That kind of problem you have once but you don't repeat the same mistake twice.
Dr W. Northrup (Kennesaw, GA, USA): I just have a question about the validity of small changes in dimension. We heard yesterday from one of the cardiologists about the guidelines. One of the guidelines says if there is a change of 0.3 m/s over the course of a year, this is an indication to operate on aortic stenosis. And he said, if I look at that same echo twice, I will be off on my measurement at least 0.3 m/s myself; this is with the same observer. Now, we're talking a 5% change, let's say, in a 25 mm annulus. That's, by my calculation, somewhere around a millimetre or so. So can we really measure that much of a difference in the diameter or the area of the aortic annulus with our current imaging techniques?
Dr Lansac: You are raising the right question. Maybe I can resume my whole PhD on dynamic anatomy on this simple question, which is, how can we be sure that this is moving? I think this is moving. We could look at it in an animal study using Sonometric crystals, because it was actually easy to have very, very precise measurements. In humans it's more difficult because it's still very subjective. We are currently doing another study with a method that is not subjective that will follow and track the image in order to avoid subjectivity, which can be a margin of error of 1 to 2 mm. With double independent reading, we add a little bit more precision to it, but I think we need to develop tools in humans that are not manually measuring an aortic annulus in systole and diastole, either with CT scan or echo.
Dr G. Mecozzi (Enschede, Netherlands): Emmanuel, did you experience any mitral valve problem with the use of the ring? The position of the suture between the aortic and the mitral valve can be quite critical. In my experience, I had a patient who one year after the operation developed mild to moderate MR, and so my question is, can this be related to the use of the ring, some kind of retraction of the anterior? Have you ever seen this?
Dr Lansac: I think you should not place the stitch too low because it might limit the mobility of the anterior mitral valve. In my experience, there were no patients having a significant increase of MR after ring implantation. I had another colleague who had that kind of problem, but I think it was related to a long cross-clamp with functional mitral MR that would have improved over time. But I would be interested to discuss your case more carefully.
